. Rare giant cells were present. The lesions were often transmural but segmental sparing of the endothelium, intima, or inner media were observed. Some vessels showed concentric or patchy proliferation of the endothelium. Special strains for bacteria, fungi, and acid-fast microorganisms were negative in all cases of this report. He was treated with prednisone (80 mg/day) and cyclophosphamide (2 mg/kg), the latter discontinued due to persistent leukopenia. CT at 3 months showed resolution of the previous mass with bilateral leukoencephalomalacia in the parieto-occipital areas. Four months after diagnosis, examination was normal and prednisone dosage was reduced. One year after the onset, while still taking prednisone (5 mg on alternate days), he complained of new headache. CT demonstrated a new low density lesion in the tip of the right temporal lobe. MRI confirmed the CT finding with an area of high signal intensity in the right temporal tip but in addition, similar lesions were seen in multiple areas of both hemispheres consistent with recent infarction (fig 2) . After cholecystectomy, prednisone (80 mg/day) was restarted and 1126
mm/h and negative syphilis serology. CT showed a nonenhancing left temporoparietal mass. Arteriogram demonstrated elevation of the Ml segment consistent with mass effect but without tumour blush or segmental narrowing. A biopsy of the left temporal cortex showed extensive focal vasculitis involving the small penetrating and cortical arterioles and arteries up to 250 pm in diameter. Small veins and venules were also involved. In this and other cases, the severity of inflammation often obliterated distinguishing landmarks between arteries and veins. The meninges were mildly inflamed with minor vasculitic changes in small pial vessels. The inflammatory infiltrate consisted of lymphocytes, histiocytes, and epithelioid cells which tended to disrupt the vessel walls ( fig 1) . Rare giant cells were present. The lesions were often transmural but segmental sparing of the endothelium, intima, or inner media were observed. Some vessels showed concentric or patchy proliferation of the endothelium. Special strains for bacteria, fungi, and acid-fast microorganisms were negative in all cases of this report. He was treated with prednisone (80 mg/day) and cyclophosphamide (2 mg/kg), the latter discontinued due to persistent leukopenia. CT at 3 months showed resolution of the previous mass with bilateral leukoencephalomalacia in the parieto-occipital areas. Four months after diagnosis, examination was normal and prednisone dosage was reduced. One year after the onset, while still taking prednisone ( (fig 3) . His mental status waxed and waned, but he remained depressed and abulic. The clinical diagnosis was multi-infarct state. Repeat lumbar puncture was remarkable only for a protein of 64 gm/I. Two weeks later, he died after aspiration and cardiopulmonary arrest. At necropsy, the gyri over both hemispheres were flattened. Large vessels were minimally atherosclerotic.
Marked angiitis of arterioles and small arteries up to 300 .m in diameter, and to a lesser extent, veins and venules, were observed in both frontal and right occipital cortices. This process favoured smaller vessels to the extent that larger vessels adjacent to an involved arteriole or venule would be spared (fig 4) . The vasculitis was most prominent in pial and penetrating vessels. Deeper vessels in the white matter were spared but patchy areas of ischaemic changes with reactive astrocytosis were observed. Other regions of the brain, large cerebral vessels, and systemic organs were not involved. The inflammation consisted of histiocytes and lymphocytes with scattered haemosiderin-laden macrophages and occasional multinucleated giant cells in the periphery. The inflammatory aggregates were often concentrically positioned about the vessels but segmental involvement was not uncommon. In many smaller vessels, PTAH stain showed prominent fibrinoid necrosis. These vessels were notable for a variable degree of inflammation and by the presence of scattered 4) . Endothelial proliferation was pronounced in some vessels. Perivascular ring haemorrhages and necrotic cellular debris were present in the superficial cortical regions. The meninges showed mild fibrosis. Case 5: A 60 year old diabetic man had a several month history of falling and difficulty in walking. On examination, there was mild memory impairment, right hemiparesis and truncal ataxia. CT revealed minimal cortical atrophy. One month later, CT showed a low density area in the right cerebellum consistent with infarct. Signs included depressed mentation, dysmetric ocular movements, ataxic limbs, and right Babinski sign. ESR was 28 mm/h and ANA was negative. CSF contained between 30 to 169 WBC/mm3 (100% L), protein about 100 gm/l, normal glucose, pressure of 330 mm H20 with negative cytology and cultures. CT suggested bilateral low density areas deep in the cerebellum. An arteriogram was normal. Prednisone (100 mg/day) and radiation therapy were given for presumed cerebellar glioma. After 2 weeks, he showed mild improvement together with a decrease in CSF pleocytosis (2 WBC/mm3) and protein (31 gm/l) but died 2 weeks later from complications of a perforated appendix. At postmortem examination, there was minimal atherosclerosis of the large vessels. The right cerebellar hemisphere was soft, with loss of cytoarchitecture and a brown discolouration consistent with subacute infarct. Smaller foci of softening were present in the base of the pons. Microscopically, striking granulomatous angiitis was present in small leptomeningeal vessels in the cerebellum and, to a lesser extent, the brainstem. Arterioles and arteries, up to one millimetre in diameter, and veins were affected.
The process was widespread, but in less involved areas, the angiitis clearly favoured the meningeal and penetrating vessels over the parenchymal ones ( fig 5) . The the inflammation tends to be less necrotising in character,11 and eosinophils are absent.1 10 Granulomatous angiitis is separated from sarcoidosis by the general absence of necrosis in the latter, the prominent perithelial granulomas, a greater tendency to involve the base of the brain, and the involvement of systemic organs."1 The pathology may be inseparable from herpetic angiitis.67 27 The distinction then lies in the invariable antecedent herpetic eruption, often in the ophthalmic division of the trigeminal nerve with resultant contralateral hemiparesis. Some authors consider this disease to be a variant of temporal arteritis.10 28 However, even though there have been rare cases where the vasculitis involved both the temporal and intracranial arteries,29 30 granulomatous angiitis is generally considered to be distinct from temporal arteritis.3 1 The latter tends to involve older patients, is frequently coincidental with polymyalgia rheumatica, and the sedimentation rate is strikingly elevated.3 Anatomically, the lesions of temporal arteritis involve larger arteries while sparing the intracranial arteries and veins, and are not characterised by the prominent granulomatous response. '1 31 While not absolute, these clinicopathologic features, taken together, define a characteristic entity. Our five cases all share features of a chronic necrotising vasculitis involving small cerebral vessels and lack evidence of an underlying systemic vasculitis. Although the intensity of the lesions varied, the changes generally correlated with the duration of neurological symptoms.
The clinical manifestations are chiefly neurological and no consistent clinical pattern suggests the diagnosis. Non-specific manifestations include weight loss, malaise, headache, vomiting, visual loss, confusion, CT abnormalities were seen in all of our five patients. However, these changes were nonspecific, with areas of low density, mass effect, or cortical atrophy. Lesions consistent with haemorrhagic infarction can also be seen (case 3). Similar abnormalities were described in five of seven reported cases with CT.14 21 22 25 34 In case 4, CT showed bilateral white matter hypodensities suggesting early infarction ( fig  3) . Similar white matter lucency was described in two other cases, '4 22 14 21 23 In two patients with Hodgkin's disease, the neurological signs remitted following treatment of the malignancy.45 In our three treated patients, the responses have been satisfactory. Case 1 had asymptomatic involvement of the contralateral hemisphere detected by CT and MRI and case 3 relapsed while off medication but stabilised with reinstitution of treatment. These cases suggest that even with early response, prolonged treatment is indicated. Furthermore, the fluctuating courses in cases 1 and 3 suggest that follow-up might include CT or lumbar puncture to diagnose early relapse. In anecdotal reports, high dose steroid was the drug ofchoice while additional benefits from immunosuppressive agents such as cyclophosphamide may be seen. While adequate clinical trials are lacking, the outcome in those patients given steroids appears to be better than group.bmj.com on November 8, 2017 -Published by http://jnnp.bmj.com/ Downloaded from Granulomatous angiitis of the central nervous system: protean manifestations and response to treatment 1133 no treatment. Whether immunosuppressive drugs should be added routinely is uncertain. In view of the likelihood of an extended period of treatment with potentially hazardous drugs, the need to establish an unequivocal diagnosis is of utmost importance.
